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ABSTRACT 
 
The prevalence of clinical and subclinical bovine mastitis in Kafory 
and Azaheer dairy farms was studied. The bacterial causes were determined 
and Gram-positive, catalase negative cocci were identified using different 
methods. The sensitivity of these cocci to different antibiotics was done. 
Two hundred seventy six producing dairy cows were investigated. 
Eighty bovine mastitic milk samples, which were found positive for 
California Mastitis Test (CMT), were collected. The samples were subjected 
to further investigation including determination of viable bacterial number 
and bacterial isolation and identification. Clinical and subclinical mastitis 
was found in 2.1% and 26.8% respectively of the examined cows. 3.2% of 
these cows had one or more dead quarter. 
68.5% of milk samples from subclinical cases had bacterial counts 
between 50.000-1000.000 CFU/ml while whole samples from clinical cases 
had bacterial counts above 1000.000 CFU/ml. 
Eighty microorganisms were isolated in this study. Of these 58 (72%) 
were Gram-positive bacteria while 22 (27% of total isolates) were Gram-
negative bacteria. Among the isolated Gram-positive bacteria, 16 (27.6%) 
were streptococci and 2 (3.4%) were enterococci. Streptococcal isolates 
included six (10%) Streptococcus (Str.) agalactiae, 4(6.4%) Str.  uberis, 
3(5%) Str. dysgalactiae and 3(5%) Str. bovis (according to identification 
procedures described by Barrow and Feltham, 1993). The isolates were re-
identified as described by Fortin et al. (2002). The two systems agreed in the 
identification of only 50% of Streptococcus isolates. 
In this study, the sensitivity of Streptococcus isolates to 10 antibiotics 
was studied. All isolates were sensitive to Ampicillin, Penicillin, Tetracyclin, 
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Ciprofloxacin, Erythromycin, Gentamicin and Cephalexin, but resistance to 
Cloxacin, Co-Trimoxazole and Streptomycin. 
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 1 
INTRODUCTION 
 
 
Bovine mastitis represents one of the most important diseases of cattle 
from economic stand point. The disease is characterized by physical, 
chemical and usually bacteriological changes in the glandular tissue. The 
most important changes in the milk are discoloration, presence of clots and 
increased number of somatic cells (Blood et al., 1983). 
In the Sudan the disease has become one of the major problems in 
recent years, given the fact that many herd owners shifted to increase milk 
productivity by selecting good local or foreign breeds.  
More than 130 different microorganisms were isolated from bovine 
mastitic milk samples but staphylococci, streptococci and members of the 
enterobacteria are among the most common aetiological agents in cows and 
in other animal species (Quinn et al., 1999) 
Mastitis caused by streptococci has assumed increased importance in 
recent years. The leading agent of streptococcal mastitis is Str.  agalactiae. 
Less frequent causes are Str. dysagalactiae, Str. ubris and rarely Str.  
pyogenes, Str. zooepidemicus, Str. pneumoniae and Str. bovis (Hirsh and 
Chung Zee., 1999). Str. agalactiae causes mainly contagious subclinical 
mastitis which is usually spread by milking leading to considerable losses of 
milk quality and yield. Herd mastitis due to this organism even with low or 
moderate prevalence causes profound elevation of somatic cell counts 
(William, 1995). 
 Mastitis occurs sporadically in all species; it assumes major economic 
importance only in dairy cattle. It is considered to be the most important 
disease facing the diary industry in terms of economic loss. Blood et al. 
(1989) suggested that the total economic losses caused by mastitis are 
composed of many items (table 1). 
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Table (1): Total economic loss caused by mastitis 
 
Items Percentage of total value 
Value of production lost 70% 
Value of cow lost by pre-mature culling 14% 
Value of milk discarded or down graded 7% 
Treatment and veterinary expenses 8% 
Others 1% 
 
 
 
Objectives: 
 
The objectives of this study were:- 
 
? To determine the prevalence of clinical and subclinical bovine 
mastitis in dairy herds in Kafory and Azaheer Company farms. 
? To identify, to the species level, the isolated streptococci using 
different methods. 
? To determine the susceptibility of various streptococci isolates to 
various antibiotics in use for treatment. 
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CHAPTER ONE 
 
LITERATURE REVIEW 
 
1. Mastitis: 
1.1. Definition: 
The term mastitis refers to inflammation of the mammary gland 
regardless of the cause. It is characterized by physical, chemical and usually 
bacteriological changes in the milk and by pathological change in the 
glandular tissue. Depending on the type of mastitis, it is manifested by 
swelling, heat, pain and indurations in the mammary gland. 
The most important changes in the milk are discoloration, presence of 
clots and increased number of leukocytes (Blood et al., 1989).  
A significant increase in the leukocyte content of the milk, even 
though, not necessarily conclusive, is considered suggestive for the disease 
occurrence (Farah, 1992).The increased leukocyte count is a reaction of 
tissue to trauma. The disease may or may not be associated with systemic 
reaction with a decrease of at least 25% in dairy milk production (Shpigel et 
al., 1994).  
1.2. Classification of mastitis: 
Mastitis can be classified on different bases. According to time it is 
classified into acute and chronic although sub acute inflammation can exist 
for short period of time. The severity of the inflammation reaction depends 
upon the organism involved, its pathogenicity and resistance of the host 
(Runnels, 1987). According to the character of exudates it is classified into 
necrotic, gangrenous and hemorrhagic mastitis. According to clinical signs it 
is classified into clinical and sub clinical mastitis (Blood et al., 1989). 
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1.2.1. Clinical mastitis: 
This form of mastitis is characterized by apparent changes of both 
milk and mammary gland (Abnormalities of secretion, abnormality of the 
size, consistency and temperature of the mammary gland) and it is further 
classified according to the severity into peracute, acute, subacute and chronic 
mastitis: 
1.2.1.1. Peracute mastitis: 
In this type there is a marked abnormality of milk and udder with 
severe systemic reaction. 
1.2.1.2. Acute mastitis: 
It is characterized by severe inflammation of the udder without 
marked systemic reaction. 
1.2.1.3. Subacute mastitis: 
It is characterized by a mild inflammation of the mammary gland and 
abnormal milk secretion. 
1.2.1.4. Chronic mastitis: 
In chronic mastitis there are no systemic signs and very few external 
or apparent  signs ,but abnormal secretion of the gland occurs intermittently. 
1.2.2. Subclinical mastitis: 
This is invisible abnormality of milk or udder which is characterized 
by an increase in somatic cell and/or leukocyte count (Rodostitis, Blood and 
Gat, 1994). It is  a problem to the herd rather than individual animals. 
1.3. Mastitis in Diary Cows: 
In spite of the control efforts (including intensified treatment with 
antibiotics), mastitis is still the most important disease problem in the dairy 
industry (Fetrow and Mann, 1991). In the Sudan the disease has become one 
of the major problems in recent years, given the fact that many herd owners 
shifted to increase milk productivity by selecting local or foreign breeds. 
Accordingly considerable studies on bovine mastitis (Bagadi, 1966; 
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Shommein, 1972; Craven, 1987; Ibrahim, 1988; Altayb, 1989) were carried 
out to identify causes and to lay down suitable control measures. 
1.4. Etiology: 
The microbial causes of mastitis include a wide variety of bacteria  , 
fungi , algae and viruses (Allen, 1985). The common bacterial causes of 
mastitis are broken down into:  
- Contagious organisms that colonize the mammary gland and can be 
spread by milking machines and milkers.   
- Environmental pathogens, that do not normally infect the mammary 
glands but can do so when the cow’s environment, the teats and 
udder, or the milking machine are contaminated with these 
organisms and they gain access to the teat cistern (William, 1995) . 
In cattle the common bacterial causes are Streptococcus agalactiae,  
Staphylococcus aureus and Escherichia coli. Other causes include 
Streptococcus uberis,  Str. dysgalactiae, Str. zooepidemicus, Str. faecalis, 
Str. pyogenes, and Str. pneumoniae, Corynebacterium pyogenes, 
Corynebacterium ulcerans, Klebsiella sp., Enterobacter aerogenes, 
Mycobacterium bovis, Mycobacterium lacticola, Mycobacterium fortuitum, 
Bacillus cereus, Pasteurella multosida, Pasteurella haemolytica, 
Pesudomonas pyocyaneus, Fusobacterium necrophorum, Bacteroides  
funduliformis, Serratia marcescens, Mycoplasma bovis, Mycoplasma 
Canadensis, Mycoplasma bovigenitalium, Mycoplasma alkalescens, 
Acholeplasma laidlawii, Nocardia asteroids, Nocardia braziliensis and 
Nocardia farcinicus  (Blood et al., 1989). 
1.5. Epidemiology:  
The occurrence of mastitis involves the complex interaction among three 
major factors: the agent, the host, and the environment (Radostitis et al., 
1996).  
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Host factors include stage of lactation, age, anatomy of udder, parity, 
intramammary defence mechanisms and pre parturient diseases (Radostitis et 
al .,1996). 
At the pathogen level, factors such as the nature of the organism, it’s 
virulence and numbers, toxins and antimicrobial resistance are important. 
The management, climate, feeding, housing, milking technique and 
malfunction of milking machine are environmental risk factors (Anon, 
1987). Milking machines damage the teat, allowing pathogen access easily 
into the teat canal and transfer pathogens from one cow to another via 
contaminated clusters  (Du Preez, 1991) . 
1.6. Diagnosis of mastitis: 
Tentative diagnosis of bacterial mastitis depends on symptoms and 
changes in milk. However, confirmatory diagnosis depends on isolation and 
identification of the causative agent. 
Complete mastitis surveillance requires a combination of cow side and 
laboratory tests. 
1.6.1. Cow side tests: 
These are simple tests performed in the farm (cow side). Other 
complicated tests are performed in the laboratories to diagnose mastitis in 
individual cows or on a herd basis (Anon, 1987). 
Clinical mastitis may be detected by examining the udder for warm, 
swollen quarters, which are indicative of acute mastitis, or for misshapen, 
hard, atrophied and fibrotic quarters, indicating permanent damage caused 
by chronic mastitis. The strip cup test is a practical and effective method of 
identifying cows with clinical mastitis. Abnormal milk is usually discolored, 
watery, or contains flakes, shreds or clots, but in chronic mastitis the milk is 
not always macroscopically abnormal. The strip cup test is not sufficiently 
sensitive to detect sub clinical mastitis.  
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1.6.2. Palpation of the udder: 
This is very helpful in detecting areas of fibrosis associated with 
chronic and subclinical Staphylococcus aureus infection. Palpation also is 
very useful to rule out mastitis when concern is raised by a positive CMT 
score, simply from acute drying off due to systemic illness.  
In this latter case, the udder palpates normally and is not infected. The 
acute dry off due to illness simply cause lack of fluid dilution of somatic 
cells causing the CMT to be  positive.  
Palpation is also valuable following resolution of acute clinical 
mastitis to detect glandular changes that might be associated with infection, 
abscessation, or chronic infection (Radostitis et al., 1996). 
1.6.3. pH indicator paper: 
Test strips detect the more alkaline pH in quarters with mastitis. 
Normal milk has a pH of approximately 6.5 to 6.7, whereas mastitic milk 
often approaches plasma pH of  7.4 (William, 1995). 
1.6.4. California Mastitis Test (CMT): 
The California Mastitis Test (CMT) which is called Rapid Mastitis 
Test (RMT) is another cow side test that can be used for the detection of 
mastitis. The (CMT) was commonly used for detection of mastitis and has 
proved to be highly efficient (Blood et al., 1989).  As a cow side test, the 
CMT can be useful in indicating and controlling mastitis since it focuses 
attention on the individual quarters that are secreting milk with high number 
of leukocytes (Poso and Mantysarri, 1996). This is an indirect test that 
grossly measures the amount of DNA, primarily a function of the number of 
nucleated white blood cells in the milk (Quinn, et al., 1994). CMT contains 
Alkayl aryl sulphonate that breaks down DNA of the cells and precipitate 
them and bromocresol purple that impart shade to the tested milk and reveals 
the alkalinity or acidity of milk (Shukla and Supekar, 1982). The CMT is 
most helpful in detecting subclinical mastitis and serves little purpose in 
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acute clinical mastitis. The test tends to have a high score in recently fresh 
cows and in cows at the end of lactation just prior to drying off. CMT score 
is also elevated in secretion from cows whose milk production has dropped 
precipitously due to illness (William, 1995).  For reliable results, the CMT 
therefore, should be conducted just before milking, after stimulating the cow 
and having discarded the fore milk.  Based on amount of gelling that occurs 
as equal amounts of milk and reagent interact, the test (reaction) is 
subjectively read (scored) as 0 (negative), 1(slight), 2(moderate), 3(heavy). 
These scores equate well with somatic cell levels (Philpot and Nickerson, 
1991).  
1.6.5. Somatic cell count (SCC): 
This has become the most widely used index of the level of infection 
within individual cows and herds (Bartlett et al., 1992). Somatic cell 
numbers in milk tend to increase during milking and remain high for several 
hours there after, even in uninfected quarters (Anon, 1987). When the udder 
or teat is severely injured there is a large increase in SCC. Some elevation in 
counts in these cases is in response to the increased prevalence of mastitis 
with injury (DeGraaf and Dwinger, 1996). Mononuclear cells and sloughed 
alveolar epithelial cells contribute to the somatic cell count, but neutrophils 
comprise the majority of cells. Lower SCC are associated with higher herd 
milk production (Miller and Bartlett, 1991). 
The direct microscopic somatic cell count (DMSCC) is the procedure 
of evenly spreading a measured volume of milk over a caliberated area of a 
microscopic slide, staining the film and counting somatic cells within 
specified area of the film (Packard, et al., 1992). The count is then converted 
to cells per milliliter (ml) by a factor which is determined by magnification 
and area counted. 
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1.7. Laboratory tests: 
1.7.1. Culturing: 
Bacteriological cultures of milk samples from individual quarters or of 
composite samples from all four quarters of individual cow are required to 
determine the aetiological agents involved (Anon, 1987). In herds with a 
large number of subclinical cases of mastitis, a reliable diagnosis can be 
made by culturing samples of milk from cows selected on basis of increased 
CMT score or SCC. Most of the bacteria that cause  mastitis grow on ox or 
sheep blood agar. A MacConkry agar plate is streaked in parallel to detect 
Enterococcus faecalis and any Gram-negative bacteria that are able to grow 
on the medium. Edwards medium is highly selective for streptococci and 
also acts as an indicator medium for haemolysis and for the hydrolysis of 
aesculin. A Sabouroud dextrose agar plate can be inoculated if a fungal 
pathogen is suspected (Quinn et al., 1994; Carter, 1996). 
1.8. Control of mastitis: 
The objective of any dairy farm is to produce as much milk as 
possible. Mastitis not  only reduces the productive capacity of cows, it is also 
expensive to treat. Therefore, its prevention should be a priority. Prevention 
of mastitis depends primarily on good hygiene (before, during and after 
milking) practices and effective animal management which include 
treatment of clinical cases as they occur, use of udder disinfection and pre-
milking strip cup, post milking teat dipping and dry cow therapy (Radostitis 
et al., 1996). 
1.9 Mastitis caused by streptococci: 
Mastitis caused by streptococci has assumed increasing importance in 
recent years (Blood et al., 1989).The leading agent of streptococcal mastitis 
is Str. agalactiae. Less frequent causes are Str. dysgalactiae and Str. ubris, 
and rarely, enterococci, Str. pyogenes, Str.  zooepidmicus.  Streptococcus 
agalactiae is specifically associated with mammary gland. Infection is 
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through the teat canal. Bacterial proliferation in lactiferous ducts and alveoli 
results in an acute inflammation followed by some fibrosis. During active 
phases of the infection, milk yield is reduced. Milk may be abnormal and 
contain clots. In acute mastitis, the gland will be swollen and hot, and there 
may be fever and anorexia (Hirsh and Chung Zee,1999).Aydin and Lelogln 
(1995) isolated Str. agalactiae and Str. ubris from clinical and sub clinical 
mastitis. 
1.9.1. Epidemiology: 
The disease occurs in cattle wherever dairying is practiced and usually 
at about the same level of the prevalence. In any large cattle population 
where the disease is not controlled in any way, most herds will be found to 
be infected with an average morbidity rate of about 25%. In individual cows, 
loss of production caused by Str. agalactiae mastitis is about 25% during the 
infected lactation. Str. agalactiae among dairy cows is often spread by 
milking equipment, unskilled attempts at intramammary medication and 
unsanitary milking practices (Hirsh and Chung Zee,1999).  Str. ubris is a 
common inhabitant of the skin, lips and tonsils of cows. In infected herds, 
infection of the mammary gland appears to be secondary to infection of skin 
and both appear to be more prevalent during the cool months of the years 
(Blood et al., 1989).  
1.9.2. Clinical and pathological finding: 
In cattle, mastitis is characterized by fever, lasting for a day or two, 
but the inflammation of gland persists and the subsequent crises are usually 
of a relatively mild nature. These degrees of severity may be classified as 
peracute when  the animal is febrile and off its feed, acute when the 
inflammation of the gland is severe but there is no marked systemic reaction, 
and chronic when the inflammation is mild. In the latter instance, the gland 
is not greatly swollen, pain and heat are absent, and the presence of clots in 
watery fore milk may be the only apparent abnormality (Blood et al., 1989). 
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1.9.4. Treatment and control: 
Pathogenic streptococci are usually susceptible to penicillin, 
cephalosporin, erythromycin, chloramphenicol, and trimethoprim-
sulfonamides (Hirsh and Chung Zee, 1999). 
Important aspects of mastitis control lie in the area of sanitation and 
herd management (Hirsh and Chung Zee, 1999). Eradication on a herd basis 
of mastitis caused by Str. agalactiae is an accepted procedure with particular 
attention to milking technique, housing and avoidance of teat injury (Blood 
et al.,1989). 
1.10 Bacteriological aspect of Streptococcus.spp:   
1.10 1. The genus Streptococcus: 
1.10 1.1. Description: 
Streptococci constitute a large group of Gram-positive cocci that grow 
in pairs or in chains. Streptococci grow as pairs in extremely rich media, but 
they grow in progressively longer chains as they are cultured in simpler 
media. Most streptococci are facultative anaerobes, but some are obligate 
anaerobes (Walker, 1998). Streptococci are generally strong fermenters of 
carbohydrates, resulting in production of lactic acid, a property used in the 
dairy industry. Streptococci do not produce spores and are non motile. They 
are catalase negative and lack pigment (Green Wood, Slack and Peutherer, 
2002). 
1.10 1.2. Habitats: 
Streptococci are usually found on skin and mucous membranes of 
humans and other animals. Some streptococci are virulent pathogens, other 
strains  live harmoniously with their hosts as normally avirulent commensals 
(Murray et al., 2003).  
1.10 1.3. Morphology and staining: 
Streptococci vary from spherical to short bacillary cells, about 1µm in 
diameter. Division occurs in one plane, producing pairs and chains. Young 
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cultures are Gram-positive. In exudates and older culture (>18 hours) organisms 
often stain Gram-negative (Hirsh and Chung Zee, 1999). 
1.10 1.4. Cultivation and cultural appearance: 
Streptococci are nutritionally fastidious with variable nutritional 
requirements, and growth on complex media is enhanced by the addition of 
blood or serum (Murray et al., 2003).The primary cultivation media of 
streptococci is blood agar. Streptococci of aetiological significance will 
usually predominate in the culture even when the sample is taken from sites 
with a resident micro flora (Green Wood et al., 2002). After 18 to 24 hours 
incubation on blood agar, streptococcal colonies appear measuring about 0.5 
mm in diameter, translucent or transparent, and have smooth or matte 
surface. The colonies are domed and have an entire edge (Allen  et al.,1997). 
1.10.1.5. Selective media: 
five selective media including Edwards medium , Edwards modified 
medium supplemented with colistin  sulfate (5mg /litre ) and oxolinic 
acid(2.5 mg /litre ), streptococcus  selection medium , streptosel agar , and 
thallium – crystal violet – toxic – ferric citrate medium were evaluated for 
the isolation  of streptococci and streptococci like organisms from cow milk . 
Under expermintal  conditions Edwards modified medium  with colistin 
sulfate ( 5mg/litre ) and oxolinic acid ( 2.5 mg /litre) showed the highest 
sensitivity (100% ) and specificity (100% ) for streptococci and streptococci 
like organisms ( Swant et al., 2001) . 
Media selection for Gram-positive bacteria (e.g, phenylethy -L) 
support the growth of streptococci and other traits should allow for 
differentiation of those bacteria (Murray et al., 2003) 
1.10 1.6. Metabolism: 
Although streptococci grow in the presence of oxygen, they are unable 
to synthesize heme compounds and are therefore incapable to respiratory 
metabolism. Glucose and other carbohydrates are metabolized 
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fermentatively with the production of lactic acid as the major glucose 
metabolism. Isolates of streptococci produce the enzyme leucine 
aminopeptidase (LAP), but production of pyrolidonyl arylamidase (PYR) is 
rare among streptococci (Murray et al., 2003). 
1.10 1.7. Resistance: 
Beta hemolytic streptococci can survive in dried pus for weeks. They 
are killed at 55Cْ to 60Cْ in 30 minutes, and inhibited by 6.5% sodium 
chloride and 40% bile (except Str. agalactiae), 0.1% methylene blue, and 
low (10ºC) and high (45ºC) temperatures. Streptococci tolerate 0.02% 
sodium azide, which is used in streptococcal isolation media. Pathogenic 
streptococci are often resistant to amino glycosides, fluroquinoiones, and 
tetracycline (Hirsh and Chung Zee, 1999). 
1.10 1.8. Identification and differentiation at genus and species level: 
It depends on microscopic, cultural, biochemical, serological and 
genetic characteristic. Microscopic and cultural characteristic help in 
identification but full identification is carried out by biochemical, serological 
and genetic characters  which identify streptococci up to subspecies level. 
Lancefield grouping of streptococci is the most important serological system 
for classification. It is based on the group-specific C-substance 
(polysaccharide) in the cell wall.  
The earliest system used to classify streptococci was based on the 
ability of organism to lyse erythrocytes when grown on solid medium 
(Walker, 1998). Table (2) present a list of identification of haemolysis  
(Allen et al., 1997 ). 
Several laboratory tests are suggested in Barrow and Fethlam (1993) 
and used as a guide for the identification of streptococci and enterococci 
isolated from bovine milk samples. These tests include haemolysis of sheep 
blood, growth at 45 Cْ, growth in 6.5% NaCl broth and on 40% bile agar, bile 
aesculin and Voges-Proskaur tests, hydrolysis of hippurate, aesculin ( ESC ), 
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starch and arginine, fermemtation of arabinose, manitol, sorbitol, sucrose, 
lactose raffinose, inulin and starch, motility and lancifield antigen tests. 
These tests are commonly used to identify spp. of Streptococcus, 
Enterococcus, Lactococcus and Aerococcus. Barrow and Feltham (1993) 
stated that rational classification of streptococci remained problematical until 
the demonstration of serological identifiable polysaccharide group antigens  
and the definition of four major divisions which are still in current use: the 
pyogenic streptococci, the viridians streptococci, the enterococci and the 
smallest group, lactic streptococci. Subsequent efforts to correlate 
Lancifield`s serological groups with divisions based on cultural and 
biochemical characteristics were bedeviled by a host of exceptions as well as 
by aberrant strains. Isolates that do not match any well-defined streptococcal 
species continue to occur; some, such as pyridoxal-dependent strains might 
form a useful species or taxon, but others differ only slightly from species 
currently recognized as important. Fortin et al., (2002) described a new 
procedure using the aesculine and sodium hippurate hydrolysis (HIP), the 
presence of the enzyme pyrolidonyl arylaminase (PYR) and leucine 
aminopeptidase (LAP) and acid production from 1% inulin (INU) and 
raffinose broth. These tests improve the result of the identification process. 
The LAP test was found to be the most discriminatory for the identification 
of isolates of the Aerococcus genus, which indicated that it should be the 
first test done. The HIP and INU tests were found to be the most 
discriminatory after the LAP test for the identification of Streptococcus 
uberis. These tests used did not bring about any change in the identification 
of Str. bovis. An identification scheme based on these standard tests is 
affordable and will improve the identification of Str. uberis, Str. 
dysgalactiae, Str. bovis and Aerococcus spp. (fig. 1). However, difficulties 
remain in the distinction between Lactococcus spp. and Enterococcus spp. 
since their test results are quite similar.   
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Streptococci and staphylococci can be quickly differentiated by 
performing a catalase test. Staphylococci have a catalese enzyme that rapidly 
breaks down hydrogen peroxide, causing the peroxide drop to bubble 
vigorously, but little or no effervescence will be seen in a drop of peroxide 
placed on streptococci (Walker, 1998) also streptococci may be 
distinguished from staphylococci and micrococci by their negative catalase 
reaction, absence of pigmentation, and failure to produce abundant growth 
on nutrient agar (Harrigan and Mccance. 1993). Enterococci are unique 
among the streptococci in their ability to grow on bile containing media 
(Green wood et al., 2002). 
1.10 1.8.1. Clinical significance of streptococci: 
The genus Streptococcus includes nearly 40 species which are 
exclusively associated either as pathogens or commensals with man or 
animal (Green Wood et al., 2002).  
1.10.1.8.1.1. Streptococcus agalactiae: 
This organism is highly contagious obligate parasite of the bovine 
mammary gland (Keefe, Dohoo and Spangler, 1997) and it is the commonest 
species that causes mastitis in cattle (Garge and Mital 1991). Mastitis due to 
this organism is mainly subclinical and therefore can be diagnosed only in 
the laboratory. Generally, milk become contaminated after multiplication of 
the organism in the udder and the pathogen will be spread to other cows by 
milking (Quinn et al., 1994). Subclinical mastitis is usually spread by 
milking leading to considerable losses of milk quality and yield. Herd 
mastitis due to this organisms even with low or moderate prevalence causes 
profound elevation in somatic cell counts that quickly affects the level  of 
somatic cell count in the bulk tank. (William, 1995). In individual cows, the 
loss of production caused by Str. agalactiae mastitis is a bout 25% during 
the infected lactation, and in affected herds the loss may be in the order of 
10-15% of the potential production (Blood et al., 1983). 
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1.10. 1.8.1.2. Streptococcus dysgalactiae: 
Str. dysgalactiae has a lower prevalence than that observed in Str. 
agalactiae infection (Watts, 1988). Str. dysgalaciae and Str. ubris are the 
only specific bovine pathogen and there appear to be a definite causal 
relationship between infection and teat injuries and bad milking technique   
and housing. Mastitis caused by Str. dysgalactiae is usually acute, with 
severe swelling of the quarter and abnormality of the milk, and occasional 
cases show a moderate systemic reaction (Blood et al., 1983). 
1.10.1.8.1.3. Streptococcus ubris: 
It is a common inhabitant of the skin, lips and tonsils of cows in 
infected herds. It is an important cause of mastitis in dairy cows throughout 
the world, particularly during the dry period, the period around calving and 
during early lactation. Strategies for controlling Str. ubris mastitis are poorly 
defined and are currently inadequate (Swant et al., 2001). 
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 Table(2): Types of haemolysis (Allen et al., 1997) 
 
Type of 
haemolysis 
Description 
α -Hemolysis: Partial lysis of erythrocytes surrounding  a colony, causing a greenish 
or brownish discoloration of the media 
β -Hemolysis: Complete lysis of the red blood cells surrounding a colony, causing a 
clearing of blood from the medium. 
γ-Hemolysis: No hemolysis and, consequently, no color change of the medium 
surrounding a colony .Organisms showing no hemolysis are generally 
termed “nonhemolytic” rather than γ-hemolytic. 
α-Prime: A small zone of intact erythrocytes immediately adjacent to the colony
with a zone of complete red cell hemolysis surrounding the zone of 
intact erythrocytes. This type of hemolysis may be confused with β-
hemolysis.This is also called “Wide-zone α-hemoylsis”. 
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CHAPTER TWO 
MATERIALS AND METHODS 
 
2.1. Sources of samples: 
A total of 276 milk samples were collected in Khartoum State. 181 
samples were obtained from Azaheer farm (contains 181 milking cow) and 
95 from Kafory farm (contains 108 milking cow). Samples were collected 
during the period between April to July 2005. Only milk samples that 
reacted positively to California Mastitis Test (CMT) were subjected  to 
bacteriological investigation in the laboratory. 
2.2. Collection, transport and storage of milk samples: 
Udders were first washed with water and then the teats and teat 
orifices were disinfected with pieces of cotton wool soaked in 70% ethyl 
alcohol and then dried with fresh pieces of cotton wool. Approximately 3-5 
ml of milk from each quarter were taken (after discarding the fore milk) 
aseptically in sterile MacCrteny bottles and labeled. Samples were placed in 
ice and transported immediately to laboratory where they were kept in 
refrigerator at 4ºC until used. 
2.3. Examination of milk samples: 
The milk samples were subjected to the following tests: 
2.3.1 California Mastitis Test (CMT): 
This test was done at the farm. About 3 ml of milk from each quarter 
and an equal amount of CMT reagent (Appendix C) was mixed by circular 
rotation of paddle held horizontally. The result of the test was interpreted as 
follows: 
1. No slime or slight precipitate that dissolved with mixing was scored 
as negative. 
2. Slimy gel, thick gel or viscus and tacky gel formation, was scored 
as positive. 
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Based on the degree of gelling,  the test was subjectively read as : 
- 0 (negative),  - 1 (slight), 2 (moderate), and 3 ( heavy). 
2.3.2. Bacterial viable count of milk: 
The test was done according to Quinn et al. (1999). Serial ten-fold 
dilutions of the original samples of milk were made and dilutions were 
plated using the spread plate method. An inoculum of 0.1ml of each dilution 
was placed on the surface of plate count agar (Appendix A).Two plates were 
inoculated per dilution. The inoculum was spread rapidly over the entire 
surface using a glass rod. Inoculated plates were left to dry at room 
temperature and then incubated for 24-48 hrs at 37ºC. Twenty to three-
hundred colonies were counted. The total colony count per milliliter of milk 
was calculated by multiplication of the number of colonies counted by 
dilution marked.  
2.3.3. Bacteriological examination: 
The milk samples were pre-incubated at 37 ºC for 24 hours and then 
subjected to bacteriological examination. Media used for isolation and 
identification of the isolates were listed in the appendix A. 
2.3.3.1 Primary isolation: 
Each milk sample was thoroughly shaken, then a loop full (0.01ml) of 
milk was used to inoculate blood agar  and  MacConkey agar plates. The 
plates were incubated aerobically at 37 ºC for 24-72 hours. Plates were 
observed for the appearance of colonies and discarded as negative if no 
growth was detected. 
2.3.3.2 Purification of primary isolates: 
Typical and well isolated colonies were partly picked by a sterile wire 
loop and streaked on the surface of fresh plates of the same medium and 
incubated  aerobically at 37ºC for 24-72 hours. The process was repeated 
twice before isolates were considered pure. Gram stain was used to confirm 
purity. 
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2.3.3.3 Preservation of isolates: 
Isolated organisms were inoculated on blood agar slants and cooked 
meat medium. The resulting growth was check for purity using Gram stain 
and kept at 4 ºC. The isolates were subcultured every three months to ensure 
viability. 
2.3.4. Identification of isolates: 
2.3.4.1. Identification of bacterial isolates according to Barrow and 
Feltham: 
Identification of isolates was carried out as described by Barrow and 
Feltham (1993).  
2.3.4.2. Primary identification tests: 
2.3.4.2.1. Gram reaction: 
The first step in the identification of the organisms was Gram’s stain. 
A small part of a colony was emulsified with normal saline on a clean 
microscope slide, dried, fixed and stained by Gram’s stain (Barrow and 
Feltham 1993). The stained smear was then examined for Gram reactivity, 
morphology, size, arrangement of cells. 
2.3.4.2.2 Motility: 
The Motility medium (Appendix A) was inoculated with the organism 
under test by stabbing to depth of 5 mm. The medium then was incubated at 
37 ºC for 24 hours. Motile organisms grew migrating beyond the stab line 
while the growth of non motile organisms was confined to the stab line. 
2.3.4.2.3. Catalase test: 
A drop of 3% aqueous solution of hydrogen peroxide (H2O2) was 
placed on a clean microscope glass slide. A small amount of the organism 
under test was mixed with H2O2. Production of gas bubbles indicated the 
release of O2 by catalase enzyme from the organism under test which was 
taken as positive result. 
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2.3.4.2.4. Oxidase test: 
Two to three drops of 1% tetramethyl-p-phenylenediamine 
dihydrochloride were placed on a filter paper. The test organisms which 
were grown on nutrient agar plates, were removed with a sterile glass rod 
and smeared across the impregnated paper. The development of dark purple 
color within ten seconds indicated a positive reaction. 
2.3.4.2.5. Acid production from glucose: 
Glucose medium (Appendix A) was inoculated with organism under 
test then incubated at 37 ºC. The change of color to pink indicated a positive 
reaction; gas was accumulated in the Durham’s tubes when produced. 
Cultures were examined daily up to 7 days. 
2.3.4.2.6 Oxidation/fermentation (O/F) test: 
Duplicate tubes of Hugh and Leifson`s medium were inoculated with 
the test cultures by stabbing with a sterile straight wire. A layer of melted 
soft paraffin oil of 1cm depth was added to one of the tubes. The tubes were 
then incubated at 37ºCand examined daily for up to 14 days. A development 
of a yellowish color was an indication for positive result. Development of 
the yellowish color in the open tube only indicated oxidation while change 
of color on both open and sealed tubes indicated fermentation. 
2.3.4.3. Secondary identification tests: 
According to their types, the isolates were subjected to further 
identification tests as described by (Barrow and Feltham, 1993).Those 
included: 
2.3.4.3.1. Growth in 6.5% NaCl: 
The test organism was inoculated into test tube containing 6.5% NaCl 
(Appendix A), incubated at 37 ºC for 24 hours. Ability of test organism  to 
grow was taken as a positive . 
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2.3.4.3.2. Growth at 45 ºC: 
All isolates were subjected to incubation temperature at 45ºC. The 
inoculated plates (blood agar) were examined daily for growth. Ability of 
test isolates to grow at 45 ºC was taken as positive. 
2.3.4.3.3. Starch degradation: 
The tested isolated were cultured on starch agar medium (Appendix 
A). The plates were incubated at 37ºC. After 3-5 days when good growth 
was noted, the plates were flooded with lugal`s iodine solution. A positive 
starch reaction gave clear zones a round the growth of each isolates. 
2.3.4.3.4. Aesculin degradation: 
Aesculin broth medium (Appendix A) was inoculated with each of test 
isolate then incubated at 37 ºC for a day. Positive aesculin degradation gave 
black color in the medium. 
2.3.4.3.5. Voges- proskauer (VP) test: 
Glucose phosphate medium was inoculated and incubated at 37ºC for 
2 days. 0.5 ml of 5% α- naphthol solution was added to culture, well shaken 
and the tubes were sloped (so as to increase the size of the air/ liquid 
interface). Then they were examined after 15minutes. A positive reaction 
was indicated by production of an eosin-pink color. 
2.3.4.3.6. Bile aesculin test: 
Bile aesculin medium slopes (Appendix A) were inoculated with each 
of test organisms, incubated aerobically at 37ºC for 24 hours. A black color 
indicated a positive result. 
2.3.4.3.7. Sugar Fermentation: 
A loop full of each grown test organism was inoculated into mannitol, 
sorbitol, adonitol, sucrose, lactose, raffinose, inulin and starch Hiss’s serum 
sugar media (Appendix A). Inoculated tubes were incubated at 37 ºC and 
examined daily for seven days. A positive sugar fermentation and utilization 
gave yellow color.  
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2.3.4.4 Identification of Gram positive, catalase negative cocci using 
Fortin et al., (2002) method: 
Isolated bacteria that were identified as Streptococcus spp by Barrow 
and Feltham (1993) were further identified by the method described by 
Fortin et al (2002) to compare the results of the two methods (fig.1) 
2.3. 4. 4.1 Materials: 
2.3.4.4.1.1 Isolates: 
Catalase negative, non-beta-hemolytic, Gram-positive cocci isolated 
from milk samples that identified by Barrow and Feltham (1993) as 
Streptococcus spp.  
2.3.4.4.1.2 Leucin amino peptidase enzymes (LAP):  
Production of enzyme LAP is an important character for identification 
of Streptococci. L-leucyl-b-naphthylomide serves as the substrate for the 
detection of enzymes (LAP). Following hydrolysis of substrate by the 
peptidase enzyme, the resulting beta naphthylamine produces a red color 
upon the  addition of N,N-Dimethylaminocinnamaldehyde (PYR Reagent). 
In this method LAP disk (Remel's LAP disk) was used for rapid 
identification of Streptococcus spp. 
2.3.4.4.1.3  N, N-Dimethylaminocinnamaldehyde  (PYR Reagent): 
PYR reagent (Remel’s PYR Reagent) is recommended for use in 
qualitative procedures for the rapid identification of Streptococci and 
Enterococci.  
2.3.4.4.1.4 Media: 
The media used in this method was blood agar medium (Appendix A). 
2.3.4.4.1.5 Equipments:  
Sterile loop, Forceps, Incubators, Supplemental media, LAP disk, 
PYR reagent. 
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2.3.4.4.2 Method:  
The steps of tests used in this new procedure were described in figure 
(1). The acid production from inulin (INU), sodium hippurate hydrolysis, 
growth in a broth containing 6.5% NaCl and acid production from raffinose 
(RAF) tests were done as described by Barrow and Feltham (1993). 
 To detect the presence of enzyme (LAP), the LAP disk was placed on 
the agar surface of blood agar which was inoculated with the organism to be 
tested. Again a part of colonies was put on the upper surface of the LAP disk 
with a sterile loop (Isolated colony from an 18-24 hour culture should be 
selected for testing). The plate was then covered and incubated aerobically at 
35-37Cْ for 15 minutes. After incubation, 1-2 drops of PYR reagent were 
dropped on the disk. The development of red color within 1-2 minutes 
denoted a positive result. 
2.3.4.5. Anti microbial Susceptibility test:  
The standard disk method was used as described by Bauer and Kibry 
(1960). Axiom anti-microbial susceptibility test discs were used (Table, 3). 
Nutrient broth medium (Appendix A) was inoculated with the test organism 
and incubated at 37ºfor 24 hours. When good growth was noted, diagnostic 
sensitivity test agar (Appendix A) plate was flooded with the broth culture 
and excess broth was removed with a Pasteur pipette. The plates were left to 
dry then anti-microbial multi-disc paper was applied to the surface of the 
medium and pressed gently using sterile forceps. The plate was incubated at 
37ºC for 24 hours. A zone of inhibition a round each disc was measured in 
(mm) to determine weather the organism was sensitive or resistant to the 
anti-microbial agent (Jacoby and Archer, 1991). 
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Table (3): Antibacterials used for  susceptibility test  
 
Antimicrobial Agent Code Content 
Ampicillin/ Sulbactam AS 20 mcg. 
Co- Trimoxazole BA 25 mcg. 
Cephalexin PR 30 mcg. 
Tetracycline TE 30 mcg. 
Ciprofloxacin CP 5 mcg. 
Cloxacin CX 1 mcg. 
Gentamicin GM 10 mcg. 
Penicillin PE 10 IU 
Streptomycin   S 10mcg. 
Erythromycin E 15 mcg 
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Fig. (1). Proposed flow chart for the identification of catalase-
negative, non-beta-hemolytic, gram-positive cocci isolated  from 
milk samples (Fortin et al., 2002) 
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CHAPTER THREE 
 
 RESULTS  
The total number of investigated cows was 276 in Kafory farm (95 
animal) and Azaheer farm (181 animal). 
Results regarding the type of mastitis are shown in table (4). Six cows 
(2.1%) had clinical mastitis and 74 (26.8%) cows had subclinical mastitis. 
Clinical mastitis was detected only in Kafory farm representing 6.3%          
of the investigated animals in the farm.  
 
 
Table (4): The prevalence of clinical and sub 
clinical mastitis in Azaheer and Kafory dairy 
farms 
 
Farm 
No. of cows 
investigated 
No. of clinical 
cases(%) 
No. of subclinical 
cases (%) 
Azaheer  farm 181 0 14 (7.7%) 
Kafory farm 95 6 (6.3 %) 60 (63.1%) 
Total 276 6 (2.1 %) 74 (26.8 %) 
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Cows with one dead quarter were detected only in Kafory farm 
representing 3.2% (9 animals) of the animals investigated in the study (table 
5). 
 
Table (5): Number of dead quarters in Azaheer and Kfory farms  
 
Farm 
NO. of 
producing cows 
NO. of 
investigated cows 
NO. of cows with dead 
quarter (%) 
Azaheer farm 181 181 0% 
Kafory farm 108 95 9 (9.5%) 
 
3.1 California Mastitis Test (CMT):  
Table (6) shows the result of CMT. Two hundred and seventy high 
producing cows without clinical or chronic signs of mastitis were subjected 
to CMT. Seventy four (26.8%) cows were found positive and had sub 
clinical mastitis, 60 of them in the Kafory farm and 14 in Azaheer farm. The 
total number of the investigated milk samples from quarters was 1044 of 
which 287 (9 quarters were dead) were CMT positive (Table 6). 196 samples 
were classified in score (1) and 67 samples in score (2) and 24 samples in 
score (3). Cows with one CMT positive quarters represented the highest 
percentage (37%) whereas those with three CMT positive quarters 
represented the least percentage (33.3%) in Kafory farm. In Azaheer farm 
the percentage was not recorded. 
 
Table (6): The result of CMT in the two 
diary farms 
 
Farm No. of tested cows  No. of samples CMT positive CMT negative 
Azaheer 181 724quarters 56 (7.7%) 668(92.2%) 
Kafory 89 347quarters 231 (66.5%) 116 (33.4%) 
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3.2 Viable count of mastatic milk samples: 
Seventeen (13.5) out of 54 samples from cows with subclinical 
mastitis  had bacterial viable count ranging between 50.000 and 100.000 
CFU/ml, 20 (37 %) had a bacterial viable count ranging between 100.000 
and 200.000 CFU/ml and 9(16,6%) had a bacterial viable count ranging 
between 200.000 to one million CFU/ml and 8 (14.8%) had a bacterial 
viable count more than one million CFU/ml. Three samples from cows with 
clinical mastitis had bacterial viable count more than million CFU/ml.  
3.3. Results of isolation: 
Eighty milk samples, which were positive to CMT or from clinical 
cases, were investigated. Gram positive bacteria were isolated from 58 
(72.5%) of the samples and Gram negative bacteria were isolated from 22 
(27.5%) of the samples. 
3. 4. Identification of the isolated bacteria: 
Two procedures were used for the identification of the isolated Gram-
positive bacteria. 
According to the procedure described by Barrow and Feltham (1993), 
16 (25.8%) of isolated Gram-positive bacteria were identified as 
Streptococcus spp. while 2 (3.4%) were Enterococcus spp. The streptococci 
were identified Streptococcus agalactiae 6(10%), Str. dysgalactiae 3(5%), 
Str.ubris 4(6.8%) andStr. bovis 3 (5%). 87.5% of Streptococcus spp were 
isolated from subclinical mastitis cases while 12.5% were isolated from 
clinical mastitis cases. 
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Table (7): Scores of CMT based on the amount of gelling 
 
Farm NO. of 
samples 
CMT  
0(negative) 
CMT 
1(slight) 
CMT 
2(moderate) 
CMT 
 3 (heavy) 
Azaheer farm 181 167 9 5 0 
Kafory farm 95 29 41 19 0 
Total 276 196 50 24 0 
 
 
Table (8): Primary identification tests for Gram-
positive isolates (Barrow and Feltham, 1993) 
 
Species Aerobic 
growth 
Shape Motility Catalase 
test 
Oxidase 
test 
Oxidation –
Fermentation 
(OF) 
Streptococcus + Cocci Non 
motile 
- - Fermentative
Enterococcus + Cocci Non 
motile 
- - Fermentative
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Table (9): Biochemical reactions of 
Streptococcus spp. 
 
Tests Str. agalactiae Str. dysgalactiae Str. uberis Str. bovis Enterococcus 
Haemolysis β/- α α/- α/- -/β 
Requires CO2 for 
growth 
- - - - - 
Growth at 45ºC - - - - + 
Growth in6,5%NaCl 
broth 
d - - -a + 
Bile aesculin test - - - - - 
V-P test + - + + + 
Hydrolysis of aesculin - - + + + 
Hydrolysis of starch - - - + - 
Fermentation of : 
lactose d + + + + 
sucrose + + + + + 
arabinose - - - - - 
sorbitol - d + - + 
inulin - - + d - 
raffinose - - d + - 
adonitol - - - + - 
Mannitol - - + - + 
a : some strains grew in 4% NaCl broth. 
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3.5 Microorganisms isolated from mastitis milk samples identified by 
Fortin et  al. (2002) method: 
The 16 isolates which had been identified with the Barrow and 
Feltham (1993) method were re-identified using the method described by 
Fortin et al,. (2002). 
Results are shown in tables (10 and 11). This method confirmed the 
identification of 50% of Streptococci identified by Barrow and Feltham 
(1993). Other isolates identified by Barrow and Feltham (1993) procedures 
as  Streptococcus spp. were identified by Fortin et al,.(2002)  as Aerococcus 
spp. There was agreement between the two identification procedures in 
33.3% of the Str. dysgalactiae, where as the remaning 66.6% identified by 
Barrow and Feltham as Str. dysgalactiae were found to be Aerococcus spp. 
by Fortin et al., (2002) method. The two identification methods did not agree 
regarding the identification of Str. agalactiae, as 83.3% of the  Str. 
agalactiae identified by Barrow and Feltham method were found to be  Str. 
dysgalactiae  and the remaining 16.6% were found to be Str. bovis using the 
second method.  Of   Str. bovis, 66.6 found to be Areococcus spp., and 
33.3% Str. dysgalactiae. Of Str. uberis 25% were found to be Str. bovis, 
25% Aerococcus spp., and 50% Str. dysgalactiae. 
 Members of the genus Aerococcus that were initially identified as 
Streptococcus spp. could be distinguished from actual Streptococcus spp. on 
the basis of a negative LAP test. 
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Table (10): Identificaton of the isolates using  
Barrow and Fethlam (1993) and the Fortin et al., 
(2002) method 
 
Method Aerococcus Str. agalactiae Str. dysgalactiae Str. uberis Str. bovis 
Barrow and 
Fethlam 
0 6 3 4 3 
Fortin et al.,(2002) 6 0 8 0 2 
 
Table (11): Comparison between the two identification methods 
used in the study for the characterization of Streptococcus isolates 
 
No. of different spp. Identified by Fortin et al,.(2002) method Barrow and Feltham 
identification Result Aerococcus spp. Str. bovis Str. dysgalaciae Str. ubris 
Streptococcus spp. 6 2 8 0 
Str. bovis 2 0 1 0 
Str. dysgalactiae 2 0 1 0 
Str. agalactiae 0 1 5 0 
Str. ubris 2 1 1 0 
 
3.6 Sensitivity of Streptococci isolated from mastitis milk to different 
antibiotics: 
In this study, 7 out of 16 isolates of Streptococcus spp from mastitis 
milk samples were subjected to sensitivity test using 10 different antibiotics 
in use for treatment of mastitis in Sudan. All the 7 isolates were sensitive to 
Ampicillin, Penicillin, Cephalexin, Tetracyclin, Ciprofloxacin, Erythromycin 
and Gentamicin. Resistance was more frequent to cloxacin, Co- Trimoxazole 
and Streptomycin. 
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Fig. 2: Aesculin degradation test, negative result (colorless) and positive 
result (Black color).  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Microscopic appearance of Streptococcus spp.  
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Fig. 4: Result of LAP test, on the top positive result (red color) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 5: LAP disk and PYR reagent. 
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CHAPTER FOUR 
DISSCUTION 
 
Mastitis is one of the major diseases affecting diary cattle world wide 
and it assumes major economic importance. Bacterial contamination of milk 
from affected quarters may pass for human consumption and provide a 
mechanism of spread of disease to human such as tuberculosis and 
brucellosis (Rodostitis, 1983) 
In this study only (2.1%) of 276 producing diary cows had clinical 
mastitis which was characterized by swelling, pain, heat and abnormal 
secretion of mammary gland. This was in contrast to the report of Markus et 
al. (1995) who mentioned that the prevalence of clinical mastitis varied in 
different countries and in individual herds from 30% to 100% a year. The 
short duration of our study (4 months) may explain the remarkable low 
prevalence rate of mastitis detected in this study. In addition, the season of 
the year may play a role in the prevalence of the disease. The highest 
prevalence of clinical mastitis was in Kafory farm (6.3%) compared with 
Azaheer farm (0%). This may be attributed to the ideal hygienic method 
followed in the last farm. Out of 276 milking cow, 3.2% had one or more 
dead quarters. Cows suffering from this condition were detected only in 
Kafory farm and may be attributed to persistent mastitis (Eltayb and 
Habiballah, 1978).  
Of the 276 investigated dairy cows, 74 of them had subclinical 
mastitis and were positive to CMT. The increased prevalence of subclinical 
mastitis (26.8%) compared to clinical mastitis (2.1%) indicated the 
importance of the regular use of CMT in the farm to detect mastitis and 
subsequent treatment of infected cows for better production of high quality 
milk. Bagadi (1970) studied clinical and subclinical bovine mastitis and 
reported prevalence rates of 10.7% and 46.1% respectively; these 
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percentages were similar to our result. Our results were also similar to 
Heeschen (1980) who reported that, subclinical mastitis occurred 20-50 
times more frequently than the clinical form. Also Markus et al., (1995) 
noted an increased incidence of subclinical mastitis and reported that there 
were 15 to 40 cases of sub clinical bovine mastitis for every clinical case.  In 
the Sudan similar results were obtained by Hashim et al., (1990) and Elyis 
(2004) in Khartoum State. The later found that clinical mastitis counted for 
3.2% and subclinical mastitis counted for 35.4% of cows investigated. The 
prevalence of subclinical mastitis is due to a number of factors such as poor 
hygiene, inadequate disinfection of the udder and poor observation of 
technological requirements ( Dokov et al., 1990).  
In subclinical mastitis cases, bacterial viable counts were ranged 
between 50,000 to one million CFU/ml while in clinical mastitis cases were 
more than one million CFU/ml. This revealed a close relationship between 
the number of bacteria and type of mastitis. Elyis (2004) found that bacterial 
viable count of mastitic milk samples was more than 50,000 CFU/ml. Hogan 
et al. (1989) showed that the rates of clinical mastitis were related to 
bacterial counts in bedding.  
Mastitis is a complex disease caused by several microorganisms 
among which bacteria are the most common (Markus et al., 1995). In this 
study bacteria were isolated from CMT positive samples and clinical mastitis 
samples. Gram-positive bacteria represented (72.5%) of the isolates while 
Gram negative-bacteria accounted for 27.5%of the isolates. From the 
isolated Gram-positive bacteria 32% were streptococci and 2.7% enterococci.  
87.5% of the isolated streptococci were from cases of sub clinical mastitis  
while 12.5% were from clinical cases. The incidence of Streptococcus spp. 
in sub clinical mastitis was high compared with clinical mastitis.  This result 
agreed with the findings of Bagadi (1966) and Ietimad (1988) who isolated 
streptococci from 7.5% of total number of samples examined. Kwajok (1992) 
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surveyed the incidence of mastitis and his findings showed a high incidence 
of S. aureus (24.4%) followed by streptococci (23.9%). Elgadasi (2003) 
isolated streptococci from 29% of samples examined. Shalalli et al., (1982) 
isolated Str. agalactiae and Str. dysgalactiae from cases of subclinical 
mastitis. Hashim et al., (1990) also isolated Str. bovis and Str. pyogene from 
subclinical mastitis. From clinical and subclinical mastitis Aydin and lelogln 
(1995)  isolated Str. agalactiae and Str. uberis.  
In this study, the isolated Streptococci were identified as Str. 
agalactiae 10%,  Str. dysgalactiae 5%, Str. uberis 4.6% and  Str. bovis 5%. 
Elyis (2004) found streptococci as: Str. dysgalactiae 5%, Str. uberis 7.3% 
and Str. pneumoniae 2.3%, but he used API strep20 system for identification. 
Bovine mastitis caused by Str. agalactiae is mainly subclinical and there 
fore can be diagnosed only in the laboratory (Swant et al., 2002). In this 
study 83.3% of Str. agalactiae isolates were from subclinical mastitis. 
The procedure commonly used to identify Streptococcus spp. isolated 
from milk samples is based on Barrow and Feltham procedure (1993) which 
can result in a relatively high number of misidentifications.  The 
identification results of 16 isolates with the Barrow and Fethlam procedure 
were compared with those of Fortin et al. (2002) method. There was 
agreement between two the procedures in 50% of identified Streptococcus 
spp. It was found that several isolates identified as Streptococcus spp. were 
in fact Aerococcus spp. based on LAP test results. Further studies are needed 
to clarify the identification problem appeared in this study.  
Treatment of mastitis constitutes a problem in many countries due to 
development of resistance. In this study 7 of 16 isolates of Streptococcus spp 
were examined for sensitivity to 10 antibiotics. They were all sensitive to 
ampicillin, penicillin, tetracycline, ciprofloxacin, gentamicin, erythromycin 
and cephalexin, but were resistant to clexacin, co-Trimoxazole and 
streptomycin. Obied (1983) reported that, 100% of streptococci  were 
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sensitive to Neonycin,  Penicillin, Kanamycin, Ampicillin, Chloramphenicol 
and Sulphonamide, but not to Tetramycin and Streptomycin. 
 
CONCLUSION:  
The following points were concluded from the study: 
• Subclinical mastitis occurred more frequently (represented 26.8% of 
cases) than clinical form (represented 2.1% of cases) in the 
investigated dairy farms. 
• Gram-positive bacteria were isolated from more than 70% of mastitis 
cases and Streptococci represented about 25% of these isolates. 
• 87.5% of streptococci were isolated from subclinical mastitis cases 
while 12.5% were isolated from clinical mastitis cases. 
• Comparison between Barrow and Feltham (1993) and Fortin et al. 
(2002) system for the identification of streptococci should be carried 
out using large number of isolates.  
 
RECOMMENDATIONS:  
1. California mastitis test should be used routinely in diary farms 
to detect subclinical type of mastitis. 
2.  Application of proper hygienic methods in the farm will reduce 
the incidence of mastitis especially subclinical infection. 
3. Further studies are needed to study the current methods used for 
the identification of streptococci using large number of isolates. 
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Appendix A 
 
Media 
 
All media were obtained in dehydrated forms and prepared according 
to manufacturers’ instruction.  
(A) Solid media: 
 (a)Nutrient agar (Oxoid): 
This medium was prepared by dissolving 28 grams of solid in one liter 
of distilled water. The medium was sterilized by autoclaving at 121 ºC for 
minutes then distributed aseptically in 15 ml a mount sterile into petri dishes.  
(b)MacConkey agar (Oxoid): 
It was prepared by dissolving 51.5 grams of solid in one liter of 
distilled water and then sterilized by autoclaving at 121 ºC for 15 minutes 
then distributed aseptically in 15 ml a mount into sterile petri dishes. 
(c)Blood agar: 
This medium composed of blood agar base (Oxoid) and sterile 
defibrinated sheep blood. Blood base agar 40g or Nutrient agar 28grams was 
dissolved in one liter of distilled water, sterilized by autoclaving at 121 ºC 
for 15 minutes then cooled down to 42-45 ºC and 10%sterile defibrinated 
sheep blood was aseptically added. Then it was distributed in 15 ml a mount 
into sterile Petri dishes. 
(d)Plate count agar: 
It was prepared by dissolving 23.5g of solid in one liter of distill water, 
sterilized by autoclaving at 121ºC for 15 minutes then distributed aseptically 
in 15 ml a mount into sterile petri dishes. 
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 (e)Starch medium agar (Barrow and Feltham, 1993): 
It was prepared by triturate 10g of starch with 50ml of water to smooth 
cream and then added to the 1000ml molten nutrient agar, mixed, sterilized 
at 115 ºC for 10minutes then distributed aseptically into sterile petri dishes . 
(f)Aesculin bile agar (Barrow and Feltham, 1993): 
This medium contained Ox bile dehydrated, aesculin, ferric citrate, 
nutrient Broth and agar. It was prepared according to (Barrow and Feltham 
1993) by dissolving all ingrediens (except aesculin) in one liter of distilled 
water, dissolved by heating, allowed to cool and then aesculin was added. 
The medium was dispensed in screw capped bottle, sterilized at 115 ºC for 
20 minutes and allowed to set in sloop position. 
(g)Diagnostic sensitivity test agar (DST) (Oxoid): 
To one liter of distilled water, 40g of DST agar were added, mixed 
well, sterilized, cooled down to 42-45 ºC and 10% sterile defibrinated sheep 
blood was aseptically added. Then it was distributed into sterile Petri dishes. 
(B)  Semi solid medium: 
(a) Hugh and Leifson's (OF) medium (Barrow and Feltham, 1993): 
              It consisted of peptone 2g, sodium chloride 5g, dipotassium 
hydrogen phosphate 0.3g, Agar 3g and 0.2% bromothymol blue 15 ml. All 
ingredients were dissolving in one liter of distilled water and the pH was 
adjusted to 7.1. Then indicator  and  glucose were added, mixed well and 
distributed aseptically in 10ml volumes into test tube and sterilized . 
(b) Motility medium (Barrow and Feltham, 1993): 
It consisted of Nutrient broth 25g and agar 4g. The solids was 
dissolved in one liter of distilled water and boiled to dissolve then distributed 
into test tubes containing Craigie tubes and sterilized. 
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(C)  Liquid medium: 
(a) Nutrient broth: 
25g of Nutrient broth was dissolved in one liter of distilled water, 
mixed well and then distributed into tubes and sterilized. 
(b) Peptone water: 
It was prepared by dissolved 15grams of solid in one liter of distilled 
water, mixed well then distributed into tubes and sterilized. 
(c) Vages-Proskauer (VP) test medium (Glucose phosphate medium): 
This medium consisted of peptone5g, dipotassium phosphate 5g and 
glucose 5g. The ingredients were dissolved in one liter of distill water. The 
pH was adjusted to 7.6 and the medium was distributed into tubes and 
sterilized at 115ºC for 10 minutes. 
(d)  6.5% NaCl broth: 
 
6.5 g of NaCl was added to25g nutrient broth then dissolved in one 
liter of distilled water, mixed well and then distributed into tubes and 
sterilized. 
(e) Aesculin broth:  
This medium consisted of aesculin 1g, ferric citrate 0.5g and peptone 
water 1000 ml. The solid was dissolved in one liter of distilled water and 
distributed in universal bottles then sterilized. 
(f) Hiss serum water sugars: 
This medium composed of peptone 4g, Na2 PO4 0.8g and sterile horse 
serum 200 ml. It was prepared according to (Barrow and Feltham, 1993). 
The peptone and phosphate were dissolved in 800 ml water, steamed at 100 
ºC for 15 minutes and then filtered. The serum was then added and the 
medium was further steamed for 15 minutes. The pH was adjusted to 7.6-7.8, 
10 ml of indicator (bromocresol purple 0.2%) was then added followed by 
the appropriate sugar. The medium was then sterilized by filtration (through 
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0.45 µm pore size membrane filter) and distributed in 3 ml amounts in sterile 
test tubes. 
 
(g) Robertson’s Cooked meat medium: 
Minced meat was added to alkali solution, mixed well and heated to 
boiling. The fat was skimmed off and pH was adjusted to 7.5. Meat particles 
were dried and placed in screw-capped bottles to the depth of 2.5 cm. Then 
sufficient nutrient broth was added to give a depth of 5 cm. The medium was 
then sterilized at 115ºC for 20 minutes.    
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Appendix B 
 
Disinfection and Sterilization 
 
(A) Disinfection: 
70% alcohol was used as  antseptic for hand and teats of the udder. 
(B) sterilization: 
(a) sterilization of equipment: 
Glassware such as Petri dishes, test tube, Pasteur pipettes, and 
graduated pipettes were sterilized in a hot air oven at 160 ºC for one hour 
(Barrow and Feltham, 1993). While MacCarteny, universal bottles and 
plastic tips were sterilized in autoclave at 121 ºC (15/ b /sq. Inch) for 15 
minutes. 
(b) Sterilization of culture media: 
Media and solutions were sterilized by autoclaving at 121 ºC for 15 
minutes. While carbohydrate media were sterilized by autoclaving for 10 
minutes at 110ºC. 
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Appendix C 
Reagents, Indicators and Stains 
 
 
(A) Reagents: 
(a) Hydrogen peroxide(H2O2): 
Hydrogen peroxide was prepared according to (Barrow and Feltham, 
1993) as 3% aqueous solution and protected from light in a cool dry place. It 
was used for catalase test.  
(b) California Mastitis Reagent: 
This was obtained from the Imperial Chemical Industries (ICI), 
England. 
(c) Tetra methyl phenylene diamine dihydrochloride: 
It was prepared as 1% solution  and used for oxidase test. 
(d) Ingots iodine: 
Iodine, 5g; potassium iodide, 10g; distilled water 100ml. Dissolve 
iodide and water 100ml. Dissolve iodide and iodine in some of water, and 
adjust to 100ml with distill water. 
(e) Alpha-Naphthol: 
It was prepared as 5%  alpha-naphthol solution. 
(B) Indicator: 
(a) Bromothymol blue: 
This was prepared according to Barrow and Feltham (1993). 2% 
solution was  prepared by dissolving one gram of the indicator in 50% 
ethanol and then 32ml of N NaOH solution were add to it. 
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(b) Bromocresol purple: 
This was prepared according to ( Barrow and Feltham,1993).2% 
solution was prepared by dissolving one gram of indicator in water or 50% 
ethanol   and then 37ml of N NaOH were add to it.pH5.2_ 6.8.  
(C) Stains: 
(a) Gram’s stain: 
A culture smear was spread on a microscopic slide, fixed by gental 
flaming and put on a glass holder. the slide then was flooded with crystal 
violet stain for one minute, and washed with water. It was then covered by 
Iodine for one minute and washed with water. Acetone was poured and 
immediately the slide was washed with water. The slide was stained with 
diluted carbol fuchsin for one minute and washed with water again and 
allowed to dry. A drop of immersion oil was add to each slide and examined 
under microscope. Gram-positive organisms appeared purple while Gram -
negative ones appeared red.  
 
 
 
 
 
 
 
 
 
